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Abstract 

In search of novel compounds with multiple biological activities, nine carprofen derivatives (1a-i) have been investigated by 

molecular docking to explore their interactions with target proteins involved in different diseases, from cancer to inflammation 

associated pathologies (viral infections, pain, neurodegenerative conditions). The docking studies have been performed to study 

the dual specificity for the protein kinase CLK4 and serotonin 2C (5-HT2C) receptor. Our molecular docking predictions 

indicate that the highest predicted binding energy has been observed in the case of the 1b derivative for the 5-HT2C receptor 

and respectively in the case of derivative 1h for CLK4-KD. Therefore, these two derivatives show a promising potential for 

the development of multi-pharmacologically active compounds. 

 

Rezumat 

În vederea descoperirii de noi compuși cu activități biologice multiple, nouă derivați ai carprofenului (1a-i) au fost investigați 

prin andocare moleculară pentru a explora interacțiunile lor cu proteinele țintă implicate în diferite boli, de la cancer la patologii 

asociate inflamației (infecții virale, durere, afecțiuni neurodegenerative). Studiile de andocare au fost efectuate pentru a studia 

specificitatea duală pentru receptorul proteinkinazei CLK4 și cel al serotoninei 2C (5-HT2C). Predicțiile noastre de andocare 

moleculară indică faptul că cea mai mare energie de legare prezisă a fost observată în cazul derivatului 1b pentru receptorul 5-

HT2C și, respectiv, în cazul derivatului 1h pentru receptorul CLK4-KD. Prin urmare, acești doi derivați arată un potențial 

promițător pentru dezvoltarea compușilor cu potențial farmacologic multivalent. 
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Introduction 

Carbazole derivatives have multiple pharmacological 

activities such as anti-inflammatory [14, 32], anti-

bacterial and antifungal [10, 25, 34], tuberculostatic 

[33, 48, 50], antimalarial [26, 36], antiviral [7], anti-

oxidant [1, 29, 45], anticancer [24, 39, 56] and neuro-

protective effects evidenced also in neurodegenerative 

conditions such as Alzheimer disease [15, 35, 41, 46]. 

Different research groups assessed the antiproliferative 

action of carbazoles on different types of tumoral cells. 

One of the mechanisms probably involved in this action 

is the ability of carbazoles to target the Janus kinase 

(JAK)-signal transducer and activator of transcription 

(STAT) pathway, essential for cell differentiation, 

proliferation, development, apoptosis and inflammation, 

the STAT proteins representing therefore potential 

molecular targets for the discovery of new cancer 

drugs. Carbazoles could act by downregulating STAT 

proteins, and also by affecting interleukins and the 

inducible nitric oxide synthase production [12]. 

Zimmermann et al. designed and synthesized a series 
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of 9H-carbazole-1-carboxamides in order to evaluate 

their potential as selective ATP-competitive inhibitors 

of Janus kinase 2 (JAK2). 3-(1-Methyl-1H-indazol-

5-yl)-7-(4-methylpiperazin-1-yl)-9H-carbazole-1-

carboxamide has significant selectivity against JAK2, 

and also displayed an antiproliferative activity against 

SET-2 cells [59]. The studies of a small series of 

carbazoles N-alkylated with C5, C6 and C7 alkyl chains, 

namely dimethyl-5-(5-(6-methoxy-1,4-dimethyl-9H-

carbazol-9-yl) pentyl/hexyl/heptyloxy) isophthalate, 

with potential STAT3 inhibitory activity, highlighted 

that the substituent of the carbazole nitrogen has a 

crucial role in modulating the lipophilic properties of 

the carbazole [47]. Also, Botta et al. synthesized a 

series of 1,4-dimethyl-carbazole derivatives and tested 

them for their potential activity on STAT3. Thus, there 

have been evaluated the possible effects on the cellular 

viability of human melanoma (A375) and human 

epithelial cervix adenocarcinoma (HeLa) cell lines, 

which constitutively express STAT3; 1,4-dimethyl-

carbazole had similar activity to doxorubicin, used as a 

reference molecule, toward A375 cells [11]. 7-hydroxy-

1-methyl-9H-carbazol-2-yl-5-(dimethylamino)-

naphthalene-1-sulfonate inhibited the STAT3-mediated 

transcription and IL-6-induced phosphorylation of 

STAT3 in triple negative breast cancer (TNBC) cells 

and also suppressed cell proliferation in A431 (a 

squamous carcinoma cell line), A549 (a lung cancer 

cell line) and PC-3 (a prostate cancer cell line) [28]. 

Among substituted carbazole derivatives, synthesized 

by Baburajeev et al., (3-acetyl-6-chloro-9H-carbazol-9-

yl)methyl)-[1,10-biphenyl]-2-carbonitrile exhibited 

more important antiproliferative activity towards two 

lung cancer cell lines A549 and LLC [4]. From 35 

studied compounds, bis(carbazole-2,9N-benzyl)-3-ethyl 

ethanoate (BC3EE2,9B) exhibited the most promising 

antiproliferative activity of two human glioblastoma 

multiforme cell lines, GBM8401 and GBM8901 cells, 

and induced the autophagy-mediated cell death. Anti-

glioblastoma effects of synthetic carbazole derivative 

are promising because this compound sensitizes drug-

resistant (temozolomide) glioblastoma cells [13]. The 

6-(9-(2,4-Dichlorobenzyl)-9H-carbazol-3-yl)-N2,N2-

dimethyl-3,6-dihydro-1,3,5-triazine-2,4-diamine was 

the less cytotoxic on gastric cancer cell lines (SGC-

7901, AGS cells) and normal human liver cell line 

(L-02 cells). (E)-2-((9-(4-Methylbenzyl)-9H-carbazol-

3-yl)methylene)hydrazine-1-carboximidamide also 

exhibited anticancer therapeutic potential. Therefore, 

the antitumour potential of these carbazole derivatives 

could be further explored for future therapeutic applications 

[57]. By combining the carbazole moiety with hetero-

cycles such as piperazine and imidazole, new topo-

isomerase-I inhibitors have been developed. The presence 

of an electron-releasing group on the benzene ring, as 

well as the hydrogen attached to the carbazole nitrogen 

atom which is involved in the formation of the hydrogen 

bond with the active site of topoisomerase I, increase 

the potency of the new derivatives. The substitution 

at the nitrogen atom in position 9 of carbazole moiety 

also increases the therapeutic value of carbazole 

derivatives toward the treatment of cancer [31]. Also, 

new N-substituted carbazole derivatives have been 

screened for their neuroprotective activities. The results 

of the antioxidant activity screening have revealed 

that the compound 2-phenyl-9-(p-tolyl)-9H-carbazole 

was the most potent and has significantly prevented 

cell death through a glutathione-independent way. Due 

to its low toxicity and neuroprotective effects, the 

compound 2-phenyl-9-(p-tolyl)-9H-carbazole could 

be a potential lead compound for further development 

of novel agents with potent neuroprotection against 

oxidative stress-associated central nervous system 

diseases such as Alzheimer disease [58]. Promising 

candidates for the treatment of neurodegenerative 

diseases can be conjugates of aminoadamantanes 

with carbazole derivatives. These compounds act by 

inhibiting butyrylcholinesterase, blocking NMDA 

receptors, exhibiting microtubules stabilizing properties 

and protecting nerve cells from death at the calcium 

overload conditions [5]. 

Different derivatives with a carbazole nucleus obtained 

through a series of structural modifications of natural 

compounds were analysed in order to highlight the 

possibility of an antiviral action. An example is represented 

by N-alkyl-pyrido[4,3-c]carbazole derivatives that were 

synthesized by Hirata et al., starting from a constituent 

(mukonal) that can be found in plants from the 

Rutaceae family. They are structurally related to the 

alkaloid ellipticine, as well as to its synthetic analogues 

that exhibit antiviral activity. Among these derivatives, 

some showed inhibitory action on HIV replication 

and 5-methoxy-7-methyl-7H-pyrido[3,4-c]carbazole 

has the highest therapeutic index [23]. 

The carprofen scaffold is a source for new effective 

and safe analgesic and anti-inflammatory drugs. Carprofen, 

2-(6-chloro-9H-carbazol-2-yl)propanoic acid, was 

identified as a multi-target fatty acid amide hydrolase 

(FAAH)/cyclooxygenase (COX) hit. The concomitant 

inhibition of these enzymes improved the analgesic 

response and had low side effects in animal models 

of pain. This is the reason why Favia et al. designed 

and synthesized racemic derivatives of carprofen by 

functionalisation of the acid moiety, by insertion of 

the nitrogen functional groups and by removal of the 

chlorine atom of the carprofen. These compounds 

showed a significant multi-target inhibitory activity 

and may be a starting point for the discovery of new 

FAAH/COXs inhibitors used in the treatment of pain 

and inflammation [22]. Following a study by Bandgar 

et al., 3-(substituted)-aryl-5-(9-methyl-3-carbazole)-

1H-2-pyrazoline derivatives were synthesized and 

analysed in vitro to highlight their anti-inflammatory 

and antioxidant actions. The ability to inhibit the two 

cyclooxygenase isoforms was evaluated for the anti-

inflammatory action. Thus, from the 15 obtained 
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compounds, the derivatives with the phenyl radical 

substituted with methoxy group(s) and the derivative 

with the thiophenic nucleus, strongly inhibited cyclo-

oxygenase 2 (COX 2). A considerable increase of the 

inhibitory action on COX 2 was obtained by replacing 

the aryl with a heterocyclic radical. The selectivity 

towards COX 2 was anticipated, since the synthesized 

compounds have a carprofen-like structure. Regarding 

the antioxidant action, the ability to inhibit superoxide 

and hydroxyl radicals was tested. Almost all synthesized 

compounds inhibited the superoxide radical, their 

capacity being compared to that of ascorbic acid, 

which is considered a standard. It was highlighted 

that the derivatives whose aryl radical is substituted 

with two halogen atoms are more potent compared 

to the mono-halogenated ones. Also, regarding the 

inhibition of the hydroxyl radical, the disubstituted 

derivatives were more potent [6]. Starting from the 

idea that compounds which are able to inhibit FAAH 

and COX may be potentially useful therapeutic agents 

and which have the advantage that inhibition of FAAH 

reduces the gastrointestinal damage produced by 

COX-inhibiting non-steroidal anti-inflammatory drugs, 

novel amide analogues of carprofen as potential FAAH/ 

COX dual action inhibitors were investigated, and it 

was concluded that  2-(6-chloro-9H-carbazol-2-yl)-

N-(3-methylpyridin-2-yl)propenamide and 2-(6-chloro-

9H-carbazol-2-yl)-N-(3-chloropyridin-2-yl)propenamide 

are dual-acting FAAH/substrate-selective COX inhibitors 

[17]. 

The pathophysiology of various human mental diseases, 

including schizophrenia, anxiety and major depression, 

is frequently connected to the serotonin receptor (5-

HT) family [30]. The 5-HT2C is a G protein-coupled 

receptor that binds the neurotransmitter serotonin. 

The activation of this receptor by serotonin reduces 

dopamine and regulates various behaviours, including 

anxiety and mood, consequently, this receptor may 

represent a therapeutic target [49]. The CLKs (Cyclin 

dependent-like family kinases) are dual-specificity protein 

kinases involved in the transcript splicing by mechanism 

of phosphorylation of serine and arginine-rich proteins. 

Their activity consists in catalysing spliceosome 

molecular machinery and modulating the activities 

or expression of non-splicing proteins, biochemical 

processes which are correlated with different diseases. 

One of these CLKs isoforms CLK4-KD is involved 

in the phosphorylation of serine, arginine, threonine 

and tyrosine residues and is crucial in the control of 

fundamental cellular activities. This kinase may be a 

target for several diseases, including cancer, Duchenne 

muscular dystrophy, inflammatory and viral diseases, 

or neurodegenerative diseases [2, 16, 38, 40, 51]. 

Despite these considerations, just a few numbers of 

computer-aided molecular design and discovery studies 

focused on CLK4 and 5-HT2C receptors modulators 

were reported. 

In this study, using the molecular docking approach, 

we predict the interaction between 5-hydroxytryptamine 

receptor 2C (5-HT2C) as well the dual specificity for 

the protein kinase CLK4 (CLK4-KD) of previously 

synthesized and characterized new carprofen derivatives. 

The main reasons for the synthesis of new carbazole 

derivatives were their multiple biological properties as 

well as the recent observation of the phenomenon of 

iso-structurality for two pairs of halogenated carprofens 

[20] and our ongoing studies of halogen bonding of 

halogenated aromatic N-heterocyclic compounds [8, 

9, 18, 21, 43, 44]. 

 

Materials and Methods 

Molecular Docking approach 

We have prepared the derivatives and the proteins 

for the molecular docking approach in accordance 

with our standard molecular docking protocol [3, 55]. 

We have imported the experimentally-determined 3D 

structures of 5-HT2C and CLK4-KD proteins from 

the Protein Data Bank (PDB) [53]. The structure of 

5-HT2C (PDB: 6BQH) is in complex with ritanserin 

in the binding site, while CLK4-KD (PDB: 6FYV) is 

in complex with 5-[(3-chlorophenyl)amino]benzo[c]-

[2,6]naphthyridine-8-carboxylic acid (3NG) compound 

in the binding site [27, 42]. 

The grid parameters were created to only include the 

proteins binding sites; they are shown in Table I. 

Table I 

The parameters of the Grid Box for both 5-HT2C (PDB: 6BQH) CLK4-KD (PDB: 6FYV) 

Protein  Grid Point Spacing Specified Grid Points Coordinates of Central Grid Point of Maps 

5-HT2C 0.375  X-points 58, 

Y- points 58 

Z-points 58 

40.849, 29.447, 57.746 

CLK4-KD 0.375 X-points 60, 

Y- points 60 

Z-points 60 

-25.556, 25.401, -20.070 

 

For the molecular docking approach, we have used 

Autodock 4.2.6. software [37]. The hybrid Lamarckian-

Genetic search algorithm was used to predict the binding 

affinity of the derivatives 1a–1i. For each protein-ligand 

conformation, we have made 100 runs [54].  

Computational Pharmacodynamic Profiles of the 

compounds 1a-1i and molecular docking 

From the SuperPred database, we extracted the most 

significant molecular targets for compounds 1a- 1i. 

We selected the most relevant targets CLK4 and 5-
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HT2C, with probability (%) of interactions and model 

accuracy (%). We noticed that regarding (i) CLK4 

the probability of interactions was from 100% (1a 

and 1i) and 89.71% (1f) and (ii) 5-HT2c, receptor 

CLK4 the probability of interactions was from 96% 

(1f) and 77% (1h) (Table II). 

Table II 

The molecular targets of their UNIPROT and PDB code, probability of interactions and model accuracy of complexes 

Target name 1a 1b 1c 1d 1e 1f 1g 1h 1i 

Dual specificity protein kinase CLK4 (UNIPROT- Q9HAZ1, ped(6FYV) 

Probability (%) 100 96.58 97.85 97.64 93.3 89.71 93 99 100 

Model accuracy (%) 94 94.45 94.45 94.45 94 94.75 94 94 94 

Serotonin 2c (5-HT2c) receptor (UNIPROT- Q9HAZ1, ped(6FYV) 

Probability (%) 81% 88.16% 90.94% 92.62% 95% 96% 85% 77% 87% 

Model accuracy (%) 90% 89.62% 89.62% 89.62% 90% 90% 90% 90% 90% 

 

Results and Discussion 

Chemistry 

In a previously published study [19], we presented the 

synthesis of same compounds that have pharmacologically 

active heterocyclic carbazoles, the proof of their 

structure with FT-IR and NMR spectral analyses, the 

elemental analysis, as well as drug-likeness, pharmaco-

kinetics and pharmacogenomics profiles of compounds, 

total antioxidant capacity measurements and antimicrobial 

activity. 

The chemical structure of new carbazole derivatives 

synthesized from the NSAID carprofen are presented 

in Figure 1. 

 

 
Figure 1. 

The chemical structure of new carbazole derivatives synthesized from the NSAID carprofen 

 

Molecular Docking study 

The interaction of the compounds with the amino-acid 

(aa) residues was analysed. According to the PDB 

structure, ritanserin interacts with TRP130, ASP134, 

VAL135, SER138, VAL208, VAL215, GLY218, 

ALA222, TRP324, LEU350, ASN351, VAL354, 

TYR358, aa residues and HOH1301 from 5-HT2C 

protein [42]. According to our predictions, derivatives 

1a-1c bind similarly to the drug ritanserin to the 5-

HT2C receptor. As seen in Figure 2, these derivatives 

show interactions with aa residues similar to ritanserin 

at the binding site (Figure 2). 

When interacting with 5-HT2C receptor, derivative 

1d showed the lowest predicted binding energy (-11.44 

kcal/mol). This compound has similar interactions 

with 5-HT2C receptor just like ritanserin (Figure 2). 

Both compounds form alkyl interactions with VAL135 

and ALA222 aa residues, Pi-Pi Stacked interactions 

with TRP324 aa. Also, both compounds interact with 

VAL215 and GLY218 aa residues (Figure 2). 

The 3NG ligand was co-crystallized with the CLK4-

KD [25]. This compound forms interactions with 

LEU167, GLY168, GLU169, PHE172, VAL175, 

ALA189, LYS191, VAL225, PHE 241, LEU244, 

LEU295, VAL324, ASP325 aa residues and forms 

two Water H-Bonds with HOH601 and HOH628 

(Figure 3). 
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Figure 2. 

The predicted interactions between 1a-1i derivatives and 5-HT2C receptor, compared with ritanserin determined 

interactions 
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Figure 3. 

The predicted interactions between 1a-1i derivatives and CLK4-KD compared with 3NG determined interactions 
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The lowest predicted binding energy is between 

derivative 1g and CLK4-KD (-10.84 kcal/mol). This 

derivative interacts with LEU167, ALA189 and 

VAL324 via alkyl and pi-alkyl interactions; additionally, 

both compounds interact via an H-Bond interaction 

with LYS191 amino acid. 

The similar interactions with the amino acid residues 

between the 1a-1i derivatives and the co-crystalized 

ligand structures 3NG and ritanserin indicate that those 

derivatives may bind similar to CLK4-KD and 5-

HT2C proteins (Figure 2 and Figure 3). 

A predicted binding energy lower than -6 kcal/mol 

indicates a favourable interaction between the compound 

and target [52]. Our results indicate that the 1a-1i 

derivatives present favourable binding energies when 

interacting with both 5-HT2C and CLK4-KD (Table 

III). 

Table III 

The predicted binding energy between 1a-1i derivatives and proteins 5-HT2C respectively 

Compound 

Name 

5-HT2C (PDB code: 6BQH) lowest binding 

energy (kcal/mol) 

CLK4-KD (PDB code: 6FYV) lowest binding 

energy (kcal/mol) 

1a -10.75 -10.72 

1b -9.99 -10.82 

1c -10.59 -10.19 

1d -11.44 -11.46 

1e -10.29 -10.68 

1f -10.81 -10.67 

1g -10.41 -10.84 

1h -10.05 -10.00 

1i -10.10 -10.60 

 

Conclusions 

In search of novel compounds with biological activities, 

nine carprofen derivatives have been investigated by 

molecular docking to explore the interactions of these 

carprofen derivatives with target proteins involved 

in different diseases, from cancer to inflammation 

associated pathologies (viral infections, pain, neuro-

degenerative conditions). 

Our molecular docking predictions indicate that the 

highest predicted binding energy has been observed 

in the case of the 1b derivative for the 5-HT2C 

receptor and respectively in the case of derivative 1h 

for CLK4-KD. Therefore, these two derivatives show 

a promising potential for the development of multi-

pharmacologically active compounds. 
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